Although there is currently no consensus regarding the treatment of steroid-refractory acute graft-versus-host disease (GvHD) after hematopoietic stem cell transplantation (HSCT), antithymocyte globulin (ATG) is one of the most widely used immunosuppressive drugs in this setting. We retrospectively summarized our transplant center's experience with 35 steroid-resistant acute GvHD patients who were treated with three different ATG preparations. Severe (grade III-IV) acute GvHD was observed either during the posttransplantation period (n= 32) or after donor lymphocyte infusion (n= 3). For secondary treatment of acute GvHD, rabbit Jurkat cell linereactive ATG (ATG Fresenius®) (n= 22), rabbit thymus cell-reactive ATG (Thymoglobulin®) (n= 9) or equine antilymphocyte globulin (ALG) (Lymphoglobulin®) (n= 4) was administered at a dose of 2-10 mg/kg/day for five consecutive days. The median time from the diagnosis of acute GvHD to the first day of infusion of ATG or ALG was 15 days (3-70 days). An overall response was observed in 15 patients (42%), with similar response rates among patients treated with any of the three ATG preparations. The overall survival (OS) of the patients did not increase in any treatment group, though the severity of GvHD and the disease status before HSCT were shown to negatively impact OS. Although responses could be achieved in steroid-refractory acute GvHD using rabbit or horse ATG, survival rates did not increase because of high mortality rates due to infection during treatment.
INTRODUCTION
Graft-versus-host disease (GvHD) can be defined as an immune-mediated posttransplant complication resulting from the recognition of donor T cells in an immunosuppressed recipient. In particular, induction of tissue damage and cytokine production by a conditioning regimen promotes the activation of antigen-presenting cells and the proliferation of donor T cells. Alloreactive T cells expand and migrate to target tissues such as the liver, skin and gut. 1, 2 These tissues are responsible of clinical symptoms and outcome of GvHD patients and GvHD is graded by the involvement of these tissues. Grade II-IV acute GvHD is observed in approximately 40% of HLA-identical sibling transplants and in up to 80% of unrelated donor transplants. 3, 4 However, the mortality rate among patients with severe (grade III-IV) acute GvHD can range from 70-100%. 5 Corticosteroids remain the first-line treatment for acute GvHD. 6 The use of systemic corticosteroids is recommended as an initial therapy for grade II-IV GvHD6. For the treatment of steroid-refractory acute GvHD, second-line options may include antithymocyte globulin (ATG), extracorporeal photopheresis (ECP), mycophenolate mofetil (MMF), anti-tumor necrosis factor-α (anti-TNF-α), mammalian target of rapamycin (mTOR) inhibitors and interleukin-2 receptor antibodies. [6] [7] [8] According to treatment guidelines, ATG use in cases of steroidrefractory acute GvHD is at the discretion of the treating physician. 6 There is also no defined superior therapy in steroid-refractory acute GvHD.
To prevent GvHD, ATG and antilymphocyte globulin (ALG) have been used in conditioning regimens for approximately 30 years to prevent GvHD. 9 A meta-analysis revealed that the occurrence of reported cases of grade II-IV GvHD was lower in patients who received ATG. 10 Both rabbit ATG (Thymoglobulin®) and horse ALG (Lymphoglobulin®) have been used to treat steroid-refractory acute GvHD in various studies. Additionally, ATG Fresenius® is a purified rabbit anti-human T lymphocyte immunoglobulin that has been widely used as part of conditioning regimens and is also preferred as a second-line agent for acute GvHD treatment. Unfortunately, the optimum type and dose of ATG are not standardized.
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Our single-center retrospective study, which was approved by the institutional ethical committee, aimed to analyze the response rates of steroid-refractory acute GvHD patients treated with different ATG preparations and the impacts of these treatments on overall survival (OS).
PATIENTS and METHODS
The database of the Ankara University Faculty of Medicine Stem Cell Transplantation Unit was retrospectively analyzed between 1992 and 2012. In this time period allogeneic stem cell transplantation was performed to 828 patients, 377 patients of them were diagnosed with acute GvHD and treated with i.v, oral or local steroid. In total, 35 patients had steroid refractory acute GvHD and received ATG as a second-line treatment for severe (grade III-IV) acute GvHD. These 35 patients were included in the study. In total, 32 of the patients were diagnosed with severe acute GvHD in the 100 days after transplantation, and 3 patients were diagnosed with severe acute GvHD after donor lymphocyte infusion (DLI).
The Glucksberg system is used to grade the severity of acute GvHD.
12,13 A 1-2 mg/kg/day i.v. corticosteroid treatment was the initial treatment for all acute GvHD patients in the current study. Patients were considered refractory to the first-line steroid treatment if GvHD progression was noted within 3 days of treatment or if a response could not be achieved within 7 days. 2 Our institutional policy for the treatment of steroid-refractory acute GvHD was ATG. Therefore, there was no other drug which was approved by local insurance agency. Moreover, ATG must be imported by commercial companies and sometimes was not commercially available in these 7 days. Hence, we gave ATG treatment when it was available. An addition, we performed i.v. ATG treatment in patients having steroid refractory acute GvHD diagnosis after a skin test with ATG to check for allergic or other adverse reactions and infused minimally in 6 hours via a central vein.
For secondary treatment of acute GvHD, rabbit Jurkat cell line-reactive ATG (ATG Fresenius®), rabbit thymus cell-reactive ATG (Thymoglobulin®) or equine antilymphocyte globulin (ALG) International Journal of Hematology and Oncology (Lymphoglobulin®) was administered at a dose of 2-10 mg/kg/day for five consecutive days. Physician choice and commercial availability were the main factors dictating the ATG dose and type, respectively. Physician also performed and regulated ATG treatment according to patients' clinical conditions. During ATG treatment, we have given prophylactic platelet transfusion in non-bleeding patients having lower platelet count than 30 x10 9 /l. Also, red blood cell transfusions have been performed if a patient has hemoglobin levels less than 7 g/dl (or less than 10 g/dl in patients with cardiac dysfunction).
We defined the response to ATG treatment as overall response which includes partial and complete response. We did not evaluate separately each response subtype. We defined overall response as any significant improvement in patients' symptoms related to GvHD.
Conditioning Regimen
The most frequently used myeloablative conditioning regimen consisted of cyclophosphamide (CY) (120 mg/kg i. GVHD prophylaxis consisted of methotrexate (MTX) at 15 mg/m 2 on day +1 and 10 mg/m 2 on days +3 and +6 (and additionally on day +11 for unrelated donor alloHCT) and daily cyclosporine (CSA) from day -1 (or -3 in for unrelated donor alloHCT) to day +180.
Donor Selection and Stem Cell Source
Donors were selected as this order. The first option was well-matched sibling donor. If a recipient did not have any well-matched sibling donor, other potential donors were searched, including non-sibling well-matched other relatives, unrelated well-matched donors, partially matched donors. The HLA match status was defined using refined HLA-matching criteria. Well-matched cases had no identified HLA mismatch, and they had informative data at 6 loci or had allele matching at HLA-A, HLA-B, and HLA-DRB1. Partially matched cases had a defined, maximum one locus mismatch and/or missing HLA data.
Stem cells were derived from bone marrow or peripheral blood according to physician or donor choice.
Prophylactic Treatment
Patients received infectious prophylaxis, including acyclovir, fluconazole, and trimethoprim sulfamethoxazole, along with all conditioning regimens. In addition, antibacterial prophylaxis was administered via ciprofloxacin in myeloablative regimens. During ATG treatment, iv prophylactic ganciclovir was also administrated at a dose of 5 mg/kg/day, 5 days.
Statistics
Numeric variables are represented as the median (range). Although categorical variables were compared by the Chi-square test or Fisher's exact test, the non-parametric Mann-Whitney U test was used for non-categorical variables.
OS was calculated from the date of allogeneic transplantation to the date of exitus or last control day. We taken into account all death reasons when calculating OS. OS duration distributions were estimated using the Kaplan-Meier method and compared using the log-rank test.
All reported p values were two sided, and p< 0.05 was considered significant. Statistical analysis was performed using SPSS 16.0 software.
RESULTS
The patient and donor characteristics are provided in Table 1 . The median age of the patients was 33 years 12) , bone marrow failure (n= 4) and multiple myeloma (n= 2). Most patients (n= 31) received myeloablative conditioning regimens, and four were treated with reduced-intensity conditioning regimens. All but four patients received cyclosporine A plus methotrexate for GvHD prophylaxis. The major stem cell source was peripheral blood (Table 1) .
Gastrointestinal system involvement was observed in 32 patients, and liver GvHD was observed in 18. All patients had skin involvement. All patients had a total Glucksberg score of grade III or IV (Table  2 ).
For secondary treatment of acute GvHD, ATG Fresenius (n= 22), Thymoglobulin (n= 9) or Lymphoglobulin (n= 4) was administered at a dose of 2-10 mg/kg/day for five consecutive days. The median total dose of ATG Fresenius and Thymoglobulin was same and 50 mg/kg (10-50). The median total dose of Lymphoglobulin was 45 mg/kg (20-50). The median time between the diagnosis of acute GvHD and the first day of ATG infusion was 15 days (3-70 days).
An overall response was observed in 15 patients (42.8%); 50% of responses were observed in the ATG Fresenius group; 22%, in the thymoglobulin group; and 50%, in the ALG group. Response rates were similar among the three ATG preparations. The OS of all patients was 5.5 months, and the OS of the patients who received ATG Fresenius, thymoglobulin, or ALG was 3.9 months, 3.4 months and 7.2 months, respectively.
A univariate analysis was conducted to determine which parameters impacted OS (Table 3) . OS was not affected by the patients' responses to any of the ATG preparations. GvHD severity and disease status before hematopoietic stem cell transplantation (HSCT) were shown to negatively impact survival. Survival graphs based on the ATG preparation, the acute GvHD grade, the response status and the ATG start time are displayed in Table 4 and Figures  1, 2, 3 and 4, respectively. GvHD could get another therapy and the patient responded to intrahepatic arterial steroid treatment and is still alive.
DISCUSSION
Despite advances in GvHD prophylaxis, acute GvHD remains one of the major causes of morbidity and mortality in allogeneic HSCT. Although steroids have been accepted as a standard first-line treatment for acute GvHD, no second-line treatment option has been found to be more effective than another in treating steroid-refractory acute GvHD patients. Both rabbit and horse ATG have been studied for the treatment of these patients. The number of patients in our study might appear to be small; however, to our knowledge, our study is one of the most comprehensive studies in the literature.
In one of the largest GvHD studies, horse ATG was used in 79 steroid-refractory acute GvHD patients. The overall response rate was 54%, but complete International Journal of Hematology and Oncology remission on the 28th day of treatment was observed in only 20% of the patients. 8 In another study with horse ATG, overall improvement was observed in 30% of the patients, yet 90% of them died within a median of 40 days of ATG treatment due to complications such as infection or relapse.
14 McCaul et al. treated patients with rabbit ATG (thymoglobulin) and achieved 59% overall and 31% complete response rates. 15 Van Lint et al. compared rabbit ATG and higher methylprednisolone doses in patients who had not responded after 5 days of the standard 2 mg/kg/day methylprednisolone dose and found similar response rates. 16 These studies include more unrelated transplantation than ours. However, the OS of our patients was lower than reported studies. This result was most likely observed because our study included higher-grade (Grade III-IV) GvHD patients. Therefore there is a delay between the diagnosis of acute GvHD and starting ATG due to commercial availability in our country. This aspect may play a role in low OS rates. Figure 4 may suggest that time may play a role in this issue but it might not reach significant level due to less number of patients.
ATG Fresenius, a polyclonal antiserum against the Jurkat cell line, has been widely used in conditioning regimens, but large-series studies of its impact on steroid-refractory acute GvHD have been lacking. The results of treatment with ATG Fresenius have been described in only small series of GvHD patients. 7 Remberger et al. used five different ATG preparations, including ATG Fresenius, with poor outcomes. 7 Our study used three different ATG preparations: horse ATG, rabbit ATG and ATG Fresenius. We reported a 42% overall response rate in all patients, including 50% with ATG Fresenius treatment, 22% with thymoglobulin and 50% with ALG. The response rates in our study were not found to be significantly different among the groups.
The impact of ATG on steroid-refractory acute GvHD can differ according to the involved organ. The skin has been shown to be the most responsive organ in prior studies. 13, 17 In contrast to the skin, liver and gastrointestinal involvement in acute GvHD responds weakly to ATG treatment. In our study, all patients had skin involvement. We did not evaluate organ responses, but the overall response rate was 42% across all patient groups.
Unfortunately, the response to ATG treatment was not in agreement with the long-term survival rates and the 1-year survival range of 12-34% previously reported in different studies of acute GvHD patients. 7, 16, 17 Macmillan et al. found that the factors associated with better survival included an earlier onset of acute GvHD, use of non-T-cell-depleted grafts and a shorter time from initial treatment to ATG administration. 8 In our study, OS was 5.5 months for all patients, 3.9 months for those treated The severity of GvHD and the disease status before HSCT were the only factors associated with survival in our study. OS was not affected by the patients' responses to any ATG preparation. Despite the response rates, complications related to ATG treatment could result in poor patient outcomes. Increased infection rates are one of the major complications of ATG treatment, and most deaths in previous studies were infection related. 16 In our study, 10 of 15 responsive patients and 19 of 20 nonresponsive patients died due to infections, and we did not observe a difference in infection rates among the three different ATG preparations. We did not evaluate the ATG response type, including partial and complete responses; we only evaluated the overall response. However, we can state that although patients can achieve a response with ATG treatment, it may not affect OS in steroidrefractory acute GvHD patients due its infectious complications.
The treatment doses of ATG preparations differ according to the source. Horse ATG has been mostly administered at 10-15 mg/kg/day for five consecutive days. 8, 13 Arai et al. used an every-other-day dose schedule for 7 consecutive days to decrease the complication rates in their study. 17 Rabbit ATG doses differed in previous studies, including 6 .25 mg/kg/day for 10 days and 2.5 mg/kg/days for 4-6 consecutive days. 15, 16 One limitation in our study was that patients received ATG Fresenius and thymoglobulin at doses similar to those used for horse ATG due to physician choice or adverse effects. Although ATG Fresenius has been used at 10-20 mg/kg/day for 3 days in conditioning regimens, there is no standard approach for dosing in steroidrefractory acute GvHD cases.
In conclusion, we retrospectively reviewed the results of patients with steroid-refractory GvHD using three different ATG preparations and could not identify a significant advantage of using one preparation over another in terms of response, survival or side effects and we may state that ATG for steroid refractory acute GvHD is not an effective treatment and other therapies may be used instead.
